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S U M M A R Y
Objective: An LH750 hematology analyzer with VCS (volume, conductivity, and light scatter) technology
can determine morphologic properties of peripheral leukocytes, known as cell population data (CPD).
We have previously demonstrated that the lymphocyte CPD exhibit signiﬁcant changes in acute
hepatitis B virus infection. A simpliﬁed lymphocyte CPD, the lymph index, was proposed. We conducted
the current study to further evaluate the clinical usefulness of the lymph index, and included patients
with various viral infections, as well as those with acute bacterial infections.
Methods: Peripheral blood was collected from 72 patients with viral infections, 46 patients with acute
bacterial infections, and 204 controls. The lymphocyte CPD included the mean volume (LV) with its
standard deviation (LV-SD) and the conductivity (LC). The lymph index was calculated as LV  LV-SD 
LC.
Results: The lymph index was signiﬁcantly increased in viral infections and only mildly increased in
acute bacterial infections compared to controls. Using a lymph index cutoff value of 12.92, we achieved
91.67% sensitivity and 97.2% speciﬁcity for diagnosing viral infection.
Conclusions: The ﬁndings may be clinically useful since these morphological parameters are readily
obtained by hematology analyzer during automated leukocyte differentials. They are quantitative,
objective, and fast. The lymph index could be a potential hematological parameter for viral infection.
 2012 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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jou r nal h o mep ag e: w ww .e lsev ier . co m / loc ate / i j id1. Introduction
Viral infections induce lymphocyte activation, undifferentiated
lymphocyte proliferation, and antibody or cytokine/lymphokine
secretion. The immune defense against a viral infection is more
dependent on T cells and less dependent on antibodies. Cytotoxic T
cells are important in killing virally infected cells. A number of
cytokines, including interferon gamma and tumor necrosis factor
(TNF), are secreted by the cytotoxic T cells.1 It is conceivable that
the activated lymphocytes may undergo not only morphologic
changes, such as an increase in size, but also alterations in
cytoplasmic composition as compared to their normal ‘resting’
counterparts. A Coulter LH750 automated hematology analyzer
with VCS (volume, conductivity, and light scatter) technology can
determine the intrinsic biophysical properties of over 8000
peripheral leukocytes in their ‘near native state’ using direct
current impedance for the cell volume, radio frequency opacity to
evaluate conductivity for cytoplasmic chemical composition and
nuclear volume, and a laser beam to measure light scatter for
cytoplasmic granularity and nuclear structure. It can also measure* Corresponding author. Tel.: +86 0513 85129082.
E-mail address: ntcaoxh@163.com (X. Cao).
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http://dx.doi.org/10.1016/j.ijid.2012.12.002the degree of cell size variation. These morphologic measurements
are known as cell population data (CPD).
We have previously demonstrated that the lymphocyte CPD
exhibit signiﬁcant changes in response to acute hepatitis B virus
infection.2 These changes include an increase in lymphocyte
volume (LV) and volume standard deviation (LV-SD), as well as a
decrease in lymphocyte conductivity (LC). Similar changes have
also been observed in various viral infections, including Epstein–
Barr virus, hepatitis A virus, hepatitis B virus, hepatitis C virus,
herpes virus, cytomegalovirus, human herpesvirus 8, dengue virus,
and HIV.3 We proposed a simpliﬁed lymphocyte CPD in our
previous study, called the lymph index,2 which is calculated as
LV  LV-SD  LC. We demonstrated that the lymph index was
signiﬁcantly increased in patients with acute hepatitis B virus
infection compared to controls.2 We conducted the current study
to further evaluate the clinical usefulness of the lymph index, and
included patients with various viral infections, as well as with
acute bacterial infections.
2. Materials and methods
2.1. Case selection
In this retrospective case–control study, peripheral venous
blood samples were collected from a total 322 individuals ofses. Published by Elsevier Ltd. All rights reserved.
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1 vs. 2 1 vs. 3 2 vs. 3
MNV 144.33  3.22 145.36  3.89 157.41  5.64 0.03 0.001 0.001
NDW 19.14  1.0 19.33  1.37 23.34  2.52 0.21 0.001 0.01
Lymph indexa 10.95  0.96 15.33  1.76 11.32  1.06 0.001 0.02 0.001
MNV, mean neutrophil volume; NDW, neutrophil volume distribution width; LV, mean channel of lymphocyte volume; LV-SD, lymphocyte volume standard deviation; LC,
lymphocyte conductivity.
a Lymph index = LV  LV-SD  LC.
Figure 1. Changes of lymph index and neutrophil cell population data in viral and
bacterial infections. The mean neutrophil volume (A) and neutrophil volume
distribution width (B) were signiﬁcantly increased in bacterial infections (solid
triangles), while the lymph index was signiﬁcantly increased in viral infections
(solid squares) compared to controls (open circles).
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Hospital of Nantong, China. The cases were selected by medical
chart review. All selected patient samples had either a positive
viral serology or bacterial culture and were from the time of the
initial diagnosis, before the initiation of any therapeutic interven-
tion. Those patients who had underlying hematological disorders
were excluded. There were 72 patients (mean age 38.8 years, range
9–86 years; male:female ratio 1.1:1; 57 inpatients and 15
outpatients) with various viral infections, including respiratory
syncytial virus (n = 26), adenovirus (n = 21), coxsackie virus (n = 2),
Epstein–Barr virus (n = 15), and hepatitis B virus (n = 8). Forty-six
patients had acute bacterial infections (mean age 58.3 years, range
7–92 years; male:female ratio 1:1.2; 36 inpatients and 10
outpatients), including Klebsiella pneumoniae (n = 14), Escherichia
coli (n = 12), Pseudomonas aeruginosa (n = 5), Acinetobacter bau-
mannii (n = 6), Streptococcus pneumoniae (n = 2), Proteus (n = 2),
and Neisseria gonorrhoeae (n = 5). There were 204 normal healthy
controls (mean age 39.4 years, range 7–81 years; male:female ratio
1.1:1).
2.2. Data collection
Data collected included the CPD of lymphocytes and neutro-
phils, which were generated by each individual cell passing
through the aperture; these were optically and electronically
measured by the Coulter LH750 (Beckman Coulter, Brea, CA).4 Such
parameters reﬂect the mean channel of LV and its standard
deviation (LV-SD) and the LC, as well as the mean neutrophil
volume (MNV) and its standard deviation (neutrophil volume
distribution width, NDW). Conventional numerical parameters,
total white blood cell count (WBC) and differentials, were also
collected. A simpliﬁed lymphocyte CPD, the lymph index, was
calculated as LV  LV-SD  LC. All samples were analyzed within
4 h after specimen collection.
2.3. Pathogen identiﬁcation
Viral serologic tests were performed using an ALISEI enzyme
immune analyzer (SEAC, Florence, Italy). The virus serologic
marker kit was manufactured by North Institute of Biological
Technology (Beijing, China) and the HBV serologic marker kit was
from Xin-chuan Company (Xiamen, China). Bacterial cultures were
performed using a VITEK-32 microbiological culture analyzer and
the identiﬁcation card (bioMe´rieux, Lyon, France).
2.4. Statistical analysis
All analyses, including receiver operating characteristics (ROC),
were performed using SPSS software, version 13.0 (SPSS, Chicago,
IL, USA). Comparisons between means were performed by analysis
of variance. Comparison between two means was performed using
the Student’s t-test. Results were expressed as the mean 
standard deviation (SD). A p-value of <0.05 was considered
signiﬁcant.3. Results
3.1. Changes of lymph index in viral and bacterial infections
We retrospectively analyzed the lymph index for 204 healthy
controls (mean WBC 6.3  109/l, mean percent neutrophils 56%,
and mean percent lymphocytes 34%), 72 patients with viral
infections (mean WBC 6.0  109/l, mean percent neutrophils 54%,
and mean percent lymphocytes 37%), and 46 patients with
bacterial infections (mean WBC 11.7  109/l, mean percent
neutrophils 79%, and mean percent lymphocytes 15%). We
observed a signiﬁcant increase in the lymph index in patients
with viral infections compared to controls, as well as to patients
with bacterial infections (Table 1). On the other hand, the MNV or
NDW was signiﬁcantly increased in bacterial infections, as
previously reported,5–9 compared to controls, as well as to viral
infections (Table 1). The NDW showed no signiﬁcant difference
(p = 0.21) and MNV showed borderline difference (p = 0.03) in viral
infections compared to normal controls (Table 1). As further
illustrated in Figure 1, while the MNV and NDW were increased
mainly in bacterial infections, the lymph index was increased
Table 2
Lymph index for predicting viral infection
AUC Cutoff points Sensitivity (%) Speciﬁcity (%)
Lymph indexa 0.988 12.92 91.67 97.2
WBC 0.63 5.45 55.56 78
LY% 0.657 40.85 33.33 90.4
LY number 0.544 2.11 51.39 58.4
MNV 0.535 144.95 61.11 50.8
NDW 0.505 20.29 33.33 76.4
AUC, area under the curve; WBC, white blood cell count; LY, lymphocytes; MNV,
mean neutrophil volume; NDW, neutrophil volume distribution width; LV, the
mean channel of lymphocyte volume; LV-SD, lymphocyte volume standard
deviation; LC, lymphocyte conductivity.
a Lymph index = LV  LV-SD  LC.
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observed between the two groups (Figure 1). The diagnostic
sensitivity and speciﬁcity of the lymph index were further
investigated.
3.2. Sensitivity and speciﬁcity in predicting viral infection
The sensitivity and speciﬁcity in predicting viral infection
between patients with viral infections and healthy controls were
then calculated at designated cutoff points. When we selected a
cutoff value of 12.92 for the lymph index, the sensitivity and
speciﬁcity for diagnosing viral infection were 91.7% and 97.2%,
respectively (Table 2), which showed superior overall sensitivity
and speciﬁcity compared to conventional numerical parameters
and neutrophil CPD, the MNV and NDW (Table 2). Furthermore, the
ROC curve analysis showed the lymph index had the largest area
under the curve (AUC) of 0.98 compared to MNV, NDW, WBC,
percent lymphocytes, and absolute lymphocyte counts (Table 2,
Figure 2). The sensitivity and speciﬁcity in predicting viral
infection between the patients with viral infections versus those
with bacterial infections were further calculated at a designated
cutoff value of 12.95 for the lymph index; we achieved 90.3%
sensitivity and 93.5% speciﬁcity for predicting viral infection, with
an AUC of 0.97. These results indicate that the lymph index is the
better hematological parameter for differentiating viral infection.
4. Discussion
Rapid differentiation of bacterial infection from viral infection is
critical for proper patient management in the clinical environment,Figure 2. The receiver operating characteristic curve analysis revealed that lymph
index had the largest area under the curve compared to that of mean neutrophil
volume, neutrophil volume distribution width, white blood cells, total
lymphocytes, and percent lymphocytes.such as the emergency department. Although WBC and differ-
entials may provide useful information for discriminating bacterial
and viral infections, the sensitivity and speciﬁcity of these
conventional parameters are usually poor. Other tests, such as
blood culture for bacteria or molecular studies for viral identiﬁca-
tion, are time-consuming, expensive, or need higher level technical
support. The VCS technology used in the LH750 hematology
analyzer is able to generate the differential count based solely on
cellular morphology, using neither chemical reactions nor
ﬂuorescence. This analysis is performed by obtaining three
parameters simultaneously that are directly correlated to cellular
morphology. The volume or cell size is measured directly by
impedance. The conductivity reﬂecting the internal cellular
density is measured by the conduction of radio frequency waves
across the cell, and the laser light scatter gives direct information
regarding cytoplasmic granularity and nuclear complexity.4
Therefore, the LH750 not only accurately differentiates different
leukocyte types, such as neutrophils, lymphocytes, monocytes, and
eosinophils, but also evaluates morphologic changes within the
same cell population.
It has previously been demonstrated that the morphologic
changes of reactive neutrophils in septic patients could be
quantitatively measured by LH750. For example, the neutrophil
CPD, such as MNV and NDW are signiﬁcantly increased not only in
septic patients with high WBCs, but also in those with normal or
low WBCs.5–9 The MNV and/or NDW, which reﬂect neutrophil size
and size variations, respectively, show superior sensitivity and
speciﬁcity for predicting sepsis compared to WBC, the percent
neutrophils, band counts, C-reactive protein, or procalcitonin, and
are thus likely new indicators for the diagnosis of acute bacterial
infection.9,10 Other studies have shown alterations in the
lymphocyte CPD in viral infections.2,3 For example, LV and LV-
SD, which represent lymphocyte size and size variation, are
signiﬁcantly increased, but LC signiﬁcantly decreased during the
viral infection. The smaller LC indicates a decreased nuclear/
cytoplasmic ratio, likely due to a disproportional increase in
cytoplasm or cell size to nuclear volume, and changes in
cytoplasmic chemical composition.1,4
In this study, we evaluated neutrophil CPD, MNV and NDW, and
a simpliﬁed lymphocyte CPD, the lymph index, for discriminating
bacterial infection from viral infection. We have demonstrated that
the MNV and NDW are signiﬁcantly increased in bacterial
infection, as previously reported,5–9 while the lymph index is
only mildly increased compared to controls. On the other hand, the
lymph index is signiﬁcantly increased in viral infection, while the
MNV and NDW are only slightly increased compared to controls
(Figure 1). Using a lymph index at cutoff values of 12.92 and
12.95, we achieved 91.7% and 90.3% sensitivity and 97.2% and
93.5% speciﬁcity for differentiating viral infections between
patients with viral infections and controls, as well as between
patients with viral infections and those with bacterial infections,
respectively.
The ﬁndings may be clinically useful since these morpholog-
ical parameters are readily obtained by hematology analyzer
during automated leukocyte differentials and there is no
additional cost. They are also more objective and more accurate
compared to microscopic examination of peripheral blood
smears for morphological changes in neutrophils or lympho-
cytes. Therefore, the clinical utility of combining lymphocyte
and neutrophil CPD for discriminating bacterial and viral
infections merits further exploration in a larger prospective
study. Studies to evaluate changes in lymph index, MNV, or
NDW as decision rules that can also be incorporated into
instrument ﬂags would allow for end-user adjustment of their
performance and further improvements in laboratory workﬂow
and quality of patient care.
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